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O (57) Abstract: An actuator unit comprises a tube spring (32), a piezoelectric actuator (31), that is inserted into the tube spring (32), 
^ a first cap (33), that is connected to the tube spring (32) at a first free end of the tube spring (32) and which is adjoined by the 

piezoelectric actuator (31), a tube-shaped body 38, that is connected to the tube spring (32) by joining and is arranged in the area 
^ of a second free end (35) of the tube spring (32), and a means for pretensioning, that is supported by the tube-shaped body (38) and 

pretensions the piezoelectric actuator (31). The actuator unit is simple and cheap to manufacture. 
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Description 

Actuator Unit and Method for Manufacturing an Actuator Unit 

The invention relates to an actuator unit with a tube spring 
and a piezoelectric actuator, that is inserted into the tube 
spring and is pretensioned by the tube spring. 

Actuator units with a piezoelectric actuator are in wide- 
spread use and are more and more used for fuel injectors for 
internal combustion engines . They have the advantage of hav- 
ing very fast response timed actuating signals and therefore 
enable multiple injections into a cylinder of the internal 
combustion during one working cycle of the cylinder. Essen- 
tial for a reliable operation of a fuel injector with an ac- 
tuator unit with a piezoelectric actuator is, that the piezo- 
electric actuator is precisely pretensioned. 

WO 00/08353 discloses an actuator unit with a tube spring, a 
piezoelectric actuator, that is inserted into the tube 
spring, a first cap, that is connected to the tube spring at 
a first free end of the tube spring and which is adjoined by 
the piezoelectric actuator and a second cap, that is con- 
nected to the tube spring at a second free end of the tube 
spring and which is also adjoined by the piezoelectric actua- 
tor. The first and second caps are welded to the tube spring. 
The tube spring is preferably made out of steel and has re- 
cesses that are formed in a bone-shaped manner. The piezo- 
electric actuator is pretensioned by the tube spring. The 
pretension forces are transmitted to the piezoelectric actua- 
tor by the first and second cap. The piezoelectric actuator 
is pretensioned with a force of 800 to 1000 Newton. When 
manufacturing the actuator unit the piezoelectric actuator 
needs to be inserted into the tube spring after the first cap 
is welded to the tube spring and before the second cap is 



wo 2005/062395 



PCT/EP2004/052978 



2 

welded to the tube spring. While welding the second cap to 
the tube spring the given pretension force must be applied to 
the second cap. This means that a tool needs to contact the 
second cap in a respective manner. 

The object of the invention is to create an actuator unit 
and a method for manufacturing an actuator unit, which is 
simple and at the same time cheap to manufacture. 

The object is achieved by the features of the independent 
claims . Advantageous embodiments of the invention are given 
in the subclaims . 

The invention is distinguished by an actuator unit with a 
tube spring, a piezoelectric actuator, that is inserted into 
the tube spring, a first cap, that is connected to the tube 
spring at a first free end of the tube spring and which is 
adjoined by the piezoelectric actuator, a tube-shaped body, 
that is connected to the tube spring by joining and is ar- 
ranged in the area of a second free end of the tube spring, 
and a means for pretensioning, that is supported by the tube- 
shaped body and pretensions the piezoelectric actuator. This 
has the advantage that the joining of the tube-shaped body ■ 
can be done without the piezoelectric actuator being preten- 
sioned- This enables very good access for the joining tools 
as there is no need for another tool that applies a preten- 
sion force to the piezoelectric actuator while welding the 
tube-shaped body to the tube spring. The given pretension can 
then be adjusted after joining the tube-shaped body to the 
tube spring which makes it easier to set the pretension to a 
given level. 

In an advantageous embodiment of the invention the actuator 
unit comprises a body, that comprises a disc-shaped part, 
which is inserted into the tube spring between the piezoelec- 
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trie actuator and the tube-shaped body and which is influ- 
enced by the means for pretensioning. This has the advantage, 
that the force exerted by the means for pretensioning, is led 
consistently over the surface of the disc-shaped part to the 
piezoelectric actuator . 

It is very advantageous, if the body is formed as a bolt- 
shaped body, because such parts are cheaply available. 

In a further advantageous embodiment of the actuator unit 
there is a thread in the tube-shaped body and the pretension- 
ing means is a screw, that it is screwed into the thread. 
This has the advantage, that the pretension can be set pre- 
cisely without much effort. A further advantage is, that 
bolts are widely and cheaply available. 

In a further advantageous embodiment of the actuator unit the 
bolt is spherically shaped on its shaft side. This has the 
advantage that the parts need to be less precisely manufac- 
tured and a precise setting of the pretension is still possi- 
ble. 

In a further advantageous embodiment of the actuator unit the 
tube-shaped body has a jump in its diameter on its outer cir- 
cumference. This has the advantage, that the tube-shaped body 
can easily be positioned in the tube spring , 

In a further advantageous embodiment of the actuator unit the 
tube- shaped body is joined to the tube spring by welding. 

The object of the invention concerning the method for manu- 
facturing an actuator unit is achieved by a method for manu- 
facturing an actuator unit, which comprises the steps of 
joining a first cap with a tube spring on a first free end of 
the tube spring, inserting a piezoelectric actuator into the 
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tube spring^ arranging a tube-shaped body in the area of a 
second free end of the tube spring and connecting the tube 
spring by joining and inserting a pretensioning means, that 
is supported by the tube-shaped body and pretensions the pie- 
zoelectric actuator. This method has the advantage ^ that the 
joining of the tube-shaped body can be done without applying 
a pretensioning force to the piezoelectric actuator and 
therefore there is no necessity to position respective tools 
during the welding process- This gives better access for the 
welding tool. The pretension force can be adjusted afterwards 
while inserting the pretensioning means which makes it easy 
to set the pretension at a given level. These features enable 
the actuator unit to be assembled in a cheap way while get- 
ting a reliable actuator unit. 

In an advantageous embodiment of the method, after inserting 
the piezoelectric actuator in the tube spring a body is in- 
serted, that comprises a disc-shaped part, into the tube 
spring from the side of the second free end. The disc-shaped 
part enables, that the force exerted by the means for preten- 
sioning is consistently led over the surface of the disc- 
shaped part of the piezoelectric actuator. 

Exemplary embodiments of the invention are explained in the 
following with the aid of schematic drawings. These are as 
follows : 



Figure 1 a fuel injector with an actuator unit. 

Figure 2A a cut through an 

actuator unit. 

Figure 2B the actuator 

unit according to Figure 2A, 

Figure 3A a first step for 

assembling the actuator unit. 



wo 2005/062395 



PCT/EP2004/052978 




a fourth step 



a fifth step for 



a second step 



a third step for 
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asserribling the actuator unit, and 

Figure 4 a second embodiment of the actuator unit. 

Elements of the same design and function that occur in dif- 
ferent illustrations are identified by the same reference 
character. 

A fuel injector, that is suitable for injecting fuel into a 
gasoline engine or that may also be suitable for injecting 
fuel into a diesel engine, comprises a housing 1, a valve 
body 2 and an actuator unit 3- The fuel injector is prefera- 
bly located in a cylinder head of an internal combustion en- 
gine and provides a combustion chamber with fuel. The housing 
may be double -tube shaped, whereby in the space between the 
walls of the double tube the fuel is led to the valve body. 

The valve body 2 comprises a needle 21 that is guided in the 
valve body in the area of a guide 22. The needle is of an 
outward opening type, but it may also be of an inward opening 
type. The needle 21 is pushed in its closed position by a re- 
turn spring 24, which sits on a spring washer 25, that is 
connected to the needle 21. The return spring 24 exerts a 
force on the needle 21 in the closing direction of the needle 



21. 



35 



The needle 21 is coupled to the actuator unit 3. Depending on 
actuating signals the actuator unit 3 changes its axial 
length and thereby pushes the needle 21 in its open position 
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or leaves it in its closed position. The actuator unit 3 com- 
prises a piezo actuator 31 that is inserted in a tube spring 
32 f which pretensions the piezo actuator 31 with a given 
force of preferably 800 to 1000 Newton. A thermal compensator 
may be coupled with the actuator unit 3 and the housing 1 in 
order to compensate different thermal lengthening coeffi- 
cients of the housing 1 and the actuator unit 3 . 

The actuator unit 3 (Figure 2A, Figure 2B) comprises the tube 
spring 32 which is preferably made out of steel and comprises 
various recesses that are formed in a bone-shaped manner. The 
tube spring needs to be made out of a material and to be 
formed in a way that it can uphold the pretension and is also 
flexible enough for the further axial lengthening of the 
piezo actuator 31. The actuator unit 3 further comprises a 
first cap 33/ that is joined to the tube spring 32 at a first 
free end 34 of the tube spring 32. The first cap 33 has re- 
cesses into which contact pins 36 are inserted and are elec- 
trically contacted to electrodes of the piezo elements of the 
piezo actuator 31. The piezo actuator 31 comprises a stack of 
piezo elements - 

Preferably the first cap 33 is welded to the tube spring 32 
at the first free end 34. The piezo actuator 31 joins the 
first cap 33 from the inside of the tube spring 32. On the 
second free end 35 of the tube spring 32 a tube-shaped body 
38 is joined to the tube spring 32, preferably by welding. 
However it may be joined to the tube spring in another way 
known by a person skilled in the art. The tube-shaped body 38 
is pushed into the tube spring 32 and rests on the second 
free end 35 of the tube spring 32 on a jump 381 in the diame- 
ter of the tube-shaped body 31. The jump 381 in the diameter 
is, for example, achieved by a ring-shaped protrusion 382 of 
the tube-shaped body 38. This makes it easy to position the 
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tube-shaped body 38 within the tube spring 32 and makes a 
precise and durable welding possible. 

Between the piezo actuator 31 and the tube-shaped body 38 a 
body 37 is located in the tube spring 32. The body 37 com- 
prises a disk-shaped part 371 and a shaft part and in this 
way forms a bolt-shaped body. Between the tube-shaped body 38 
and the piezo actuator 31 the disc shaped part 371 may be ar- 
ranged with an axial play. 

A bolt 39 is screwed into the tube-shaped body 38 which com- 
prises a respective thread 383. Depending on how far the bolt 
39 is screwed into the thread 383 a pretension force is ex- 
erted on the piezo actuator 31 via the body 37 . Therefore the 
pretension force can be easily adjusted- The bolt 39 may be 
spherically shaped on its shaft side. 

The assembly process of the actuator unit is described in the 
following with the help of Figures 3A to 3E. Figure 3A shows 
a first assembly step of the actuator unit 3, The first cap 
33 is joined to the tube spring 32 at its first end 34^ pref- 
erably by welding^ e.g. by laser-welding. In the next assem- 
bly step (Figure 3B) the piezo actuator 31 is inserted into 
the tube spring 32 from its second free end 35 until it ad- 
joins the first cap 33. 

In the next step (Figure 3C) the body 37, which is bolt- 
shaped is inserted with its shaft into the tube- shaped body 
38 and the two parts are then pushed into the tube spring 32 
until the tube-shaped body 38 rests with its jump in diameter 
381 on the second free end 35 of the tube spring 32. The 
tube-shaped body 38 is then joined to the tube spring 32^ 
preferably by laser-welding. 
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In the next step (Figure 3E) a bolt 39 is screwed into a 
thread 383 of the tube-shaped body 38. The bolt 39 is screwed 
into thread 38 until the exerted force on the piezo actuator 
31 reaches a given value. In order to keep the bolt 39 in its 
exact position after that, it may be welded or soldered to 
the tube-shaped body 38. 

Figure 4 shows a second embodiment of the actuator unit 3, 
only the relevant parts are shown in Figure 4 . In this em- 
bodiment the body 37 consists only of the disJc-shaped part, 
the bolt 3 9 has a shaft that is long enough to contact one of 
the surfaces of the body 37 and it exerts by that a respec- 
tive force on the body 37 which transmits it to the piezo ac- 
tuator 31. In a simple embodiment of the actuator unit 3 the 
shaft of the bolt 39 may directly contact the piezo actuator 
31. 
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Claims 

1 . Actuator unit with 

- a tube spring (32); 

- a piezoelectric actuator (31), that is . inserted into the 
tube spring (32) , 

- a first cap (33) , that is connected to the tube spring (32) 
at a first free end (34) of the tube spring (32) and which 
is adjoined by the piezoelectric actuator (31), 

- a tube-shaped body (38) , that is connected to the tube 
spring (32) by joining and is arranged in the area of a sec- 
ond free end (35) of the tube spring (32),. and 

- a means for pretensioning, that is supported by the tube- 
shaped body (38) and pretensions the piezoelectric actuator 
(31) . 

2- Actuator unit according to claim 1, with a body (37), that 
comprises a disc-shaped part (371) , which is inserted into 
the tube spring (32) between the piezoelectric actuator (31) 
and the tube-shaped body (38) and which is influenced by the 
means for pretensioning. 

3. Actuator unit according to claim 2, with the body (37) be- 
ing a bolt-shaped body. 

4 . Actuator unit in a accordance with one of the preceding 
claims, 

characterized in that 

there is a thread in the tube-shaped body (38) , that the pre- 
tensioning means is a screw that is screwed into the thread. 

5. Actuator unit in accordance with one of the preceding 
claims, 

characterized in that 

the bolt-shaped body is spherically shaped on its shaft side. 
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6. Actuator unit in accordance with one of the preceding 
claims f 

characterized in that 

the tube-shaped body (38). has a jump (381) in its. diameter on 
its outer circumference. 

7. Actuator unit in accordance with one of the preceding 
claims, 

characterized in that 

the tube-shaped body (38) is joined to the tube spring (32) 
by welding. 

8. Method for manufacturing an actuator unit, which comprises 
the steps of 

- joining a first cap (33) with a tube spring (32) on a first 
free end (34) of the tube spring (32), 

- inserting a piezoelectric actuator into the tube spring 
(32), 

- arranging a tube-shaped body (38) in the area of a second 
free end (35) of the tube spring (32) and connecting the 
tube spring (32) by joining and 

- inserting a pretensioning means, that is supported by the 
tube-shaped body (38) and pretensions a piezoelectric actua- 
tor (31) . 

9. Method in accordance with claim 8 
characterized in that 

after inserting the piezoelectric actuator (31) into the tube 
spring (32) a body (37) is inserted, that comprises a disc^ 
shaped part (371), into the tube spring (32) from the side of 
the second free end (35) . 
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